Abstract: Tuned by a variable reflective mirror, we achieve 71.2-W free-running and 30-W maximum average power in range of 1866 2107nm in Tm-doped fiber lasers. Watt-level powers are generated from single crystal and ceramic Cr 2+ :ZnSe disk lasers.
Introduction
Mid-infrared lasers is one of the most active research field recently and preferred for a verity of applications. Tm 3+ -and Ho 3+ -doped solid state lasers, including fiber lasers, are potential high-power laser sources at wavelength of 1900 nm and 2100 nm [1, 2] . Around one hundred watt CW output power has been obtained from Tm 3+ -and Ho 3+ -doped solid state lasers. Transition-metal-doped II-VI semiconductor (TM II-VI) lasers are capable to generate the laser in the wavelength range of 2∼5µm. [3] A widely researched TM II-VI laser is the Cr 2+ :ZnSe laser, which is broadly pumped at wavelength around 1550∼2100 nm and emits at 2∼3µm. Multi-watt CW laser has been demonstrated from Cr 2+ :ZnSe lasers. [4] The highest average power of 18.5 W has been generated with pulsed-pumped by Tm 3+ :YALO crystal lasers. Pumping the Cr 2+ :ZnSe laser with Tm 3+ -doped fiber has several advantages, such as, high quantum efficiency, low thermal loading, and high stability.
Experiments
The Tm 3+ -doped double-clad silica fiber has a core of 0.2 N.A. and 25 µm diameter with high doping concentration of ∼2.5 wt.%. The inner cladding is hexagonally shaped with the N.A. of 0.45 and the diameter of 400 µm. Two diode laser bars emitted at 790 nm pumps the fiber from both ends. After beam shaping and collimation, total 130-W pump power can be focused into the fiber with the aspheric lens systems. The laser cavity is formed with a cleaved fiber end and a dichroic mirror (99.7% reflectivity at 2 µm and 0.5% at 790 nm) attached to another end. A tilted dichroic mirror and an plano-convex lens are used to collect the output light. To remove the heat dissipated in the fiber, the whole active fiber is water cooled. Figure 1(a) shows the output power from a 6.5-m long fiber laser as a function of the launched pump power. A maximum CW output power of 71.2 W is achieved with a slope efficiency of 60%. The threshold pump power is around 20 W. A wide laser spectrum is observed at 2050 nm with a bandwidth (FWHM) of 30 nm.
Pumping from only one end, and replacing the tilted mirror with a variable reflective mirror (VRM) butted to the output fiber end perpendicularly, the Tm 3+ -fiber laser is tuned by varying the output coupling. The VRM has a linearly variable reflectivity at 2000 nm from 95% at the center to 5% near the edge. Simply moving the VRM, the wavelength from a 4-m long Tm 3+ -fiber laser can be tuned from 1949 to 2055 nm. The output power is above 20 W over a wavelength range of 90 nm. With difference fiber lengths, the laser wavelength of Tm 3+ -fiber laser can be tuned over a range of 240 nm from 1866 to 2107 nm. The maximum output power is 32 W while the power in this range is all above 10 watts.
The Tm 3+ -fiber laser is used to pump a Cr 2+ :ZnSe thin disk. Both single crystal and ceramic Cr 2+ :ZnSe samples are prepared by the thermal diffusion method. The doping concentration of Cr 2+ ions is around 7×10 18 cm −3 . The Cr 2+ :ZnSe material is cut to thin disks with 8 mm in diameter and 1.7 mm in thickness. The back surface of Cr 2+ :ZnSe disk is coated with the reflectivity of 95% at 2.4 µm and >99.5% at 2.0 µm. The pump light from Tm 3+ -fiber laser is collimated and focused to Cr 2+ :ZnSe disk in a 0.5-mm-diameter spot. To improve the pump absorption, the pump light travels 4 times through the Cr 2+ :ZnSe disk by the folded mirrors. A convex mirror coated with R>99.5% and a radius of curve of 500 mm is used as the cavity rear mirror. Figure 1 the output rolls over when the pump power larger than 5 Watts. The slope efficiency of ceramic Cr 2+ :ZnSe disk laser is lower, but no roll-over is observed until 8 watt pump power. With higher pump power, the laser cavity moves to unstable range due to the thermal loading in the Cr 2+ :ZnSe material. The laser spectrum is centered at 2360 nm with the bandwidth of 10 nm. Tuning the pump wavelength of Tm 3+ -fiber laser, the output power and laser spectrum keeps nearly unchanged.
Conclusion
High-power Tm 3+ -doped silica fiber laser tuned by the variable output coupler has been investigated. The maximum output power of ∼70 W from free-running Tm 3+ -fiber laser has been generated with a slope efficiency of 60%. A widely tuning range of 240 nm with multi-ten watt output has been achieved with varying the output coupling and fiber length. Pumped by tunable Tm 3+ -fiber lasers, one watt output power has been demonstrated from Cr 2+ :ZnSe thin disk lasers. The laser performance of Cr 2+ :ZnSe single crystal and ceramic lasers are compared.
